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Description 

The present invention rotates to a bistable perma- 
nent magnetic actuator according to the preamhle d 
claim 1 , end in particular to actuators suitable for the 
operation of electric circuit breakers, and to a method of 
fabricating such an actuator. 

In all electric circuit breakers It is necessary to have 
a mechanism that will open and close contacts in order 
to interrupt or close an electric circuit 

Conventional high-voltage circuit breakers include 
mechanical systems tor opening and closing the circuit 
breaker contacts that are very complex to build and re- 
quire periodic and expensive overhaul and mainte- 
nance. The advent o1 modem vacuum interrupters for 
use in high voltage circuit breakers, requiring no main- 
tenance or overhaul, has led to the desire to make wail- 
able actuator mechanisms requiring little or no mainte- 
nance and ideally matched to the characteristics of the 
vacuum Interrupter. 

These characteristics typically include: short stroke 
of the moving contact between open and closed posi- 
tions, usually of the order of 8 lo 12 mm; tow operating 
times, typically 10 milliseconds between open and 
closed positions during operation; high pressure force 
between contacts when closed lo withstand electromag- 
netic forces during short circuits; and low operating en- 
ergy. 

P nor art bistable permanent magnet actuators meet 
some of the abovo characteristics but typically have a 
number of disadvantageous features. 

For example, in UK Patent Application No. 2112212 
There Is described a rBlay which has a blstabi© perma- 
nent magnet actuator. This relay includes an electro- 
magnetic coil wound around the armature to p rovlde the 
necessary electromagnetic driving force to move the ac- 
' tuator between the two bistable positions. This design 
has a number ot disadvantages, not least that the flux 
generated by the coil works in opposition to the perma- 
nent magnet flux, thus having a tendency to destroy the 
permanent magnets in time. Additionally, considerable 
flux must be generated to oppose and overcome the 
permanent magnot flux, and the movement of ihe actu- 
ator io thus rapid and substantially uncontrolled. These 
types of device are Inherently unsuitable tor actuators 
requiring large holding forces, as they will suffer consid- 
erable damflge when electromagnetic fluxes large 
enough to overcome the permanent magnet flux are 
generated. They thus have application only In lower 
power roles. In addition, the coil Is mounted on the mov- 
ing part (the actuator) thereby requiring a more complex 
and less reliable configuration. 

In a further example. UK Patent Application No. 
2223357 there is described a bistable, magnetically ac- 
tuated circuit breaker. This device includes a dual yoke 
construction, each yoke providing either Ihe low reluc- 
tance permanent magnet flux path or the high reluc- 
tance path of ths bistable configuration. The permanent 



magnet is ho ised between two halves of the actuator. 
Actuation is wovided by one of two electromagnetic 
coils which operate to destabilise the armature without 
substantially reducing the flux in the permanent magnet 
5 A substantial disadvantage ot this device Is thai the 
magnet is located In the armature, and thus for actuators 
requiring larg a holding lorcas, is prone to physical dam- 
age under th* impact of switching the armature position. 
A further substantial disadvantage of this device is that 
ro the conduction of permanent magnet flux around the de- 
vice is inefficient and large magnets are required to 
achieve reas >nabte holding force, Similarly, generation 
of electromagnetic flux is inefficient and large switching 
• currents are required. 
is Wlmre prior art designs of actuator havo been made 
to accommodate high power circuit breakers requiring 
large holding forces, it has always been necessary to 
provide DlccTjomagnetic coils capable of generating 
very large opposing fluxes In order to switch the actuator 
zo from one btstablB position to the other. While this is not 
always a problem, it is particularly difficult where the 
breakers must have an independent source of power in 
order to switch, such as those which must be powered 
by integral batteries which are required to have a long, 
25 maintenance-tree life. In addition, the use of high power 
coils necessarily Increases the size ot the actuators, and 
may necessitate expensive cooling mechanisms where 
frequent ewftching occurs. 

There i^ therefore a nocd to provide a permanent 
30 magnet actuator wh ich is simple and cheap to manufac- 
ture, suitable tor use with high power applications gen- 
erating targe holding forces, with substantially lower 
power consumption than known systems, and easily 
configurablt to a variety of specifications. 
35 The Conference Record of the 1 989 I EEE Industry 
Application Society Annual Meeting, Part I, p.l 95-202. 
"Fast Acting, Long Stroke Solenoids with Two springs* 
describes 2 bistable permanent magnet actuator ac- 
cording to the preamble of claim 1 . 
<o in accordance with one asp ect of the present inven- 
tion, there is provided a bistable permanent magnet ac- 
tuator acco; ding to olaim 1. 

In accordance with a further aspect of the present 
invention, there is provided a method ot manufacturing 
45 a bistable permanent magnet according to claim 8. 

Embodpenls oi tha present Invention will now be 
described t y way of example, and with reference to the 
accompany ing drawings in which: 

so Figure 1 shows a perspective view of part of a mag- 
netic actuator in accordance with one embodiment 
of the present invention, with one coil and yoke lam- 
inations removed to reveal internal components; 

ss Figure 2 shows an end view of a centre cross-sec- 
tion of the complete actuator of figure 1 ; 

Figure 3 shows a side view on cross-section A-A ot 
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the actuator of figure 2. but with Iho loading part ol 
both coils removed for clarity; 

Figure 4 chows a top view on cross-section B-B of 
the actuator ol figure 2, hut with the upper coil re- 
moved tor clarity. 

With reference to the figures, a bistable, permanent 
magnet actuator is shown generally as 10. The actuator 
comprises an outer yoke 12, which is composed of a 
number of laminations 14,15 formed of a suitably high 
magnetic permeability material, for example steel 
sheets. Each teminatior * has an upper and a lower pole 
portion 16,17 and preferably includes a pair of centre 
arms 1 9.20 projecting inwarda from side portions 22,23. 
Although the preferred embodiment hae been sltown as 
symmetrical about a vertical centre line on figure 2, it 
will bo understood that one of the side portions 22,23 
could be omitted. 

Within the laminations 14,15 ol yoke 12, and pref- 
erably lying between and adjacent to centre arms 1 9,20 
are a number of permanent magnets 30. Magnets 30 
are attached to a pair of Inner yokes 31.32 which are 
spaced from an armature 40 which is reciprocally 
mounted within the assembly in order that It may slide 
between a first, lower position in which IhB lower face cl 
the armature 30 is in contact with the lower pois portion 
17 of yoke 12 as shown in figure 2, and a second upper 
position in which the armature Is in contact with the up- 
per pole portion 1 6 of yoke 1 2. Coaxialwith the armature 
40 is an actuator rod 42 shown in dotted outline on the 
figures. Four bearing plates 50.. .53 (see figures 3 and 
4) are positioned between the ends cl inner yokes 31,32 
and the armature 40 to facilitate smooth linear move- 
ment of the armature within the yokes. 

A pair of coils 50,61 circumscribe the upper and tow- 
er portions of armature 40 respectively. The coils are 
preferably mounted within the recesses formed be- 
tween the poles 18.17 of the yoke 12 and the centre 
arms 19.20. The whole assembly may then be bolted 
together and provided with end caps 70,71. 

With the armature 40 in the position as shown in the 
figures, a low reluctance magnetic circuit is formed by 
tho magnet 30, the lower half of side portion 22 of yoke 
1 2, the lower pole 17 at yoke 1 2, the lower halt of arma- 
ture 40 and the inner yoke 02. A high reluctance mag- 
netic circuit is formed by magnet 30, the upper half of 
side portion 22 of yoke 1 2, the upper pole 1 6 of yoke \ 2, 
the upper hall ot armature 40 and the inner yoke 32. 
Corresponding circuits are replicated on the left half ot 
the actuator as viewed in figure 2. 

In this position, a strong permanent magnet flux is 
' present in the low reluctance circuit which holds the ar- 
mature in the lower position. Little flux is present in the 
high reluctance circuit due to the air gap 62 present be- 
tween the upper part of the armature 40 and the upper 
pole 16 of the yoke 12. However, it will be recognized 
that the temporary application of a current ot appropriate 



polarity in upper coll 60 will cause a high flux to be forced 
across the air gap 62, providing an upward motive forcu 
on armature 40 in order to close the air pap. Providing 
the flux Induced by coll 60 is greater than the flux present 
s in the low reluctance circuit, the armature will be 
-nipped' to an upper position, thus swapping over the 
high and low reluctance circuits described supra. 

The armature may be returned te'tts first bistable 
position by analogous use of the lower coil 61 . 
io . This action offers considerable improvement over 
some types of actuator in that the coils never serve to 
oppose the permanent magnet flux, and thus do not tend 
to destroy the permanent magnets over time. 

The use of an outer yoke 1 2 comprised of a number 
T5 of laminations has several Important advantages. Firm- 
ly, the permanent magnet flux flowing through the low 
reluctance circuits Is greatly improved for given magnet 
strengths: this enables a very substantial incraase in the 
holding force of the actuator for a given magnet strength 
zo and for a given size of actuator. Additionally, the tran- 
sient power consumed by coils 60,61 to switch the ar- 
mature from one bistable position to the other is sub- 
stantially reduced as more efficient flux generation in the 
yoke takes place. Not only does this result in a substan- 
25 tlally reduced current consumption during switching, b ut 
it Is discovered that substantially shorter current pulse 
times can be used to efloot the switching operation. 

Improvements in the performance ot the device are 
also found wrih the use of the 'one-piece" outer yoke 
30 lamination configuration: that is 1o say, both the low re- 
luctance path and the high reluctance path of a bistable 
position am provided in the same structure {le. in each 
lamination). This also assists in the transient flux gen- 
eration by the appropriate coil 60,61 . 
05 Traditionally, prior art devices have been construct- 
ed around a cylindrical armature with a cylindrical yoke, 
or separate yokes radially spaced around the outside ot 
the cylindrical armature. A substantial advantage in the 
particular geometrical configuration ot actuator Ulustrat- 
40 ed in the figures is that devices ot varying specilication 
can be manufactured using standard parts. By increas- 
ing tho number of laminations 14.15 used, the number 
ol magnets 30 used, and the length of armature, the de- 
vice Is expandable along the axis perpendicular to the 
45 plane of the laminations. This permits any desired size 
of device to be manufactured, and increasing length pro- 
vides greater end greater holding force ol the finished 
aotuator. Thus, actuators can readily be manufactured 
to provide just sufficient holding force for any particular 
so application , while avoiding the necessity of using sub- 
stantially over-specified devices which use more current 
than strictly necessary for the application. It will be un- 
derstood that in similar manner to the lamination of the 
yoke, the armature 40 could also be laminated in similar 
55 manner for optimum versatility. 

In practice, it is nut essential to use an inner yoke 
31 ,32 providing that some means to attach the magnets 
to the outer yoke is provided. 
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An additional preferred feature Is the provision of 
the armature in two halves 40a, 40b as shown in Figure 
2. This considerably eases the Hssembly of the actuator. 
When constructing an Hctuator, very considerable forc- 
es musi be overcome to place magnets and armature 
in position to complete the magnetic circuits. It Is pref- 
erable to assemble the actuator with unmagnetised 
"permanent magnets'. The two armature halves have a 
■slug 0 of high permeability malarial introduced between 
them and are then slid into position between the respec- 
tive upper and lower pole portions 16,17 of the outer 
yolce 12. The slug effectively expands the armature suf- 
ficiently so that the air gap 62 is eliminated. The remain- 
ing parts of the actuator are assembled, with Ihe excep- 
tion of actuator rod 42, Magnetisation ol the magnets SO 
then takes place by energising both coils in such a way 
that the desired poiarily of magnets 30 are created. 

The slug is then removed, and the actuator rod 42 
is passBd through the upper pole portion 16 of the yoke 
and Into a preformed hole in the upper halt ol the arma- 
ture. The lower end of the actuator rod 42 is threaded, 
as is the corresponding preformed hole in the lower half 
ot the armature. The two halves of the armature may 
thus be brought together by screw threading the actua- 
tor rod into the hole in the lower halt of the armature. 
Thus, the necessary mechanical advantage to over- 
come the magnetic forces is provided by suitable torque 
on the actuator rod 42. 



Claims 



each lamination (1 4.1 5) ot the yoke (12) defines 
a plane in which a portion ol Die permanent 
magnet (30) and armature (40) reside, and 
wherein the configuration of the actuator there- 

5 by enables an increase in the permanent mag- 

net flux flowing through the actuator (10) by the 
addition of further yeke laminations (14,15) and 
a corresponding Increase In the linear dimen- 
sion of the magnet (30) and armature (40) in a 

io second direction perpencficular to the plane of 

the b*m inations. 

2. A bistable permanont magnet actuator (10) accord- 
ing to claim 1 wherein each lamination (14,15) of 

IB the yoke (12) provides a pari ol both said low reluc- 
tance path and said high reluctance path. 

3. A bistable permanent magnet actuator (1 0) accord- 
ing to claim 1 wherein each lamination (14,15) of 

to the yoke (1 2) entirely encircles the magnet (30) and 
armature (40). 

4. A bistable permanent magnet actuator (1 0) accord- 
ing to claim 1 wherein the armature (40) comprises 

es a laminate structure in which the laminations ot the 
armature (40) are substantially parallel to the lami- 
nations (14,15) of the yoke (12). 

5. A bistable permanent magnet actuator (1 0) accord- 
3D. ing lo claim 4 further including a plurality ot perma- 
nent magnets (30) positioned longitudinally In said 
second direction. 



Claims for the following Contracting States : BE, AT, 
FR, IT, NL, SE, CH, IE 35 

1. A bistable permanent magnet actuator (10) com- 
prising: 

a magnetic yoke (12) having a laniinatBd struc- 
turo; 

at least one permanent magnet (30): and 

an armature (40) axialry reciprocablc in a first 

direction within the yoke (1 2); ^ 

the actuator (10) configured to provide: 

a first low reluctance flux path and a first high 
reluctance flux path when the armature (40) is . 
In a first position: 50 
a second low reluctance flux path and a second 
high reluctance flux path when the armature is 
in a second position; 

means to drive the armature (40) between tho 
first and second positions; 63 

characterized in that: 



A bi6table permanent magnet actuator (1 0) accord- 
ing to claim 4 wherein the first and second directions 
are mutually orthogonal. 

A bistable permanent magnet actuator (10) accord- 
ing to any preceding claim wherein the means to 
drivo the armature (40) between the first and sec- 
ond positions comprises: 

a first and a second electric coil (60,61) each 
adapted to generate transient magnetic fields 
in response to a respective actuation signal 
wherein the magnetic field generated by the 
first coll (60) Increases the flux in the first high 
reluctance path without reducing the flux 
through the permanent magnet (30), and at the 
same time reduces the flux in the first low re- 
luctance path, and 

wherein the magnetic field generated by the 
second coll (61) increases the flux in the sec- 
ond high reluctance path without reducing the 
flux through the permanent magnot (30), and at 
the same time reduces the flux in the second 
jow reluctance flux path. 
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8. A bistable permanent magnet actuator (10) accord- 
ing to claim 1 wherein the armature (40) is tormed 
in two halves (40a, 40b) defined by division of tho 
armature (40) by a pfcne orthogonal to said first di- 
rection. 

9. A bistable permanent magnet actuator (10) accord- 
ing to claim 6 in which the two halves of the arma- 
ture (40) are held together by an actuator rod (42) 
passing through the yoke (12). 

10. A method of manufacturing a bistable permanent 
magnet actuator (10) comprising the steps of: 

constructing a magnetic yoke (12) from a plu- 
rality ot laminations (14,1 5) each configured to 
form a pari o1 a magnetic circuit with at least 
one permanent magnet (30) and an armature 
(40) axiaUy reciprocablo in a llrst direction with- 
in the yoke (12); 
configuring the actuator to provide a first low 
reluctance flux path and a first high reluctance 
tlux path when tha armature (40) is in a first po- 
sition and a second tow reluctance flux path and 
a second high reluctance flux path when the ar- 
mature (40) is in a second position; 
providing means (60,61) to drive the armature 
(40) between the first and second positions; 
and 

using a predetermined number of laminations 
to expand the device in a linear direction or- 
thogonal to the plane ol the yoke laminations 
(14, 15). and increasing the corresponding lin- 
ear dimension ot the magnet(s) (30) and arma- 
ture (40) in order to increase in the permanent 
magnet flux flowing through the actuator (10) 
to achieve tho desired specification of actuator 
(10). 

11, A method ot manufacturing a bistable permanent 
magnet actuator (10) according to claim 10, further 
comprising the steps of : 

lormhg the armature (40) in two halves (40a, 
40b) by division of the armature by a plane or- 
thogonal to said first direction; 
introducing a slug of high po ratability material 
between the two halves of the armature (40) 
and installing the armature (40) and slug into 
the yoke (12); 

removing the slu g and install ing an actuator rod 
(42) adapted to draw together said two arma- 
ture halves (40a, 40b) in a direction parallel to 
said first direction. 



12 A method of manulacturing a bistablo permanent 
' magnet actuator (10) according to claim n, further 
comprising the steps of : 



installing the at leasl one permanent magnet 
(30) in an unmaunetised state, 
after insinuation of the armature (40) and slug. 
Rnd before removal of the slug, magnetising the 
at least one permanent magnet (30) in situ. 



Claims for tho lollowlng Contracting State : DE 

70 1, A bistable permanent magnet actuator (10) com- 
prising: 

a magnetic yoke (12) having a laminated struc- 
ture; 

js at least one permanent magnet (30); and 

an armature (40) axialty reciprocable in a first 
direction within tho yoke (12); 
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the actuator (10) configured to provide: 

a first iow reluctance fiux path and a first high 
reluctance flux path when tho armature (40) Is 
in a first position; 

a second low reluctance flux path and a second 
high reluctance flux path when the armature 
(40) is in a second position; 
means todrive the armature between the first 
and second positions; 

wherein each laminations (14,15) of the yoke 
(12) defines a piano in which a portion ot the 
permanent magnet (30) and armature (40) re- 
side, and wherein the configuration of the actu- 
ator (10) thereby enables an Increase in the 
permanent magnet flux flowing through the ac- 
tuator (1 0) by the addition of further yoke lam- 
inations (14,15) and a corresponding increase 
in the linear dimension ot the magnet (30) and 
armature (40) in a second direction perpendic- 
ular to the plane of the laminations (1 4. 1 5); and 
wherein the armature (40) is formed in two 
halves (40a, 40b) defined by division of the ar- 
mature (40) by a piano orthogonal to said first 
direction. 

A bistable permanent magnet. actuator (1 0) accord- 
ing to claim ^ In which the two halves (40a : 40b) of 
the armature are held together by an actuator rod 
(42) passing through the yoke (12). 

A method of manutacturing a bistable permanent 
magnet actuator (10) comprising the steps of: 

constructing a magnetic yoke (12) from a plu- 
rality of laminations (14,15) oach configured to 
funn a part of a magnotio circuit with at least 
one permanent magnet (30) and an armature 
(40) axially reciprocable In a first direction with- 
in the yoke (12); 
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configuring the actuator (10) to provide a first 
tow reluctance flux path and a first high reluc- 
tance dux path when the armature (40) is in a 
first position and a second low reluctance flux . 
path and a second high reluctance flux path * 
when the armature (40) is in a second position; 
providing means (60,81 ) to drive the armature 
(40) between the first and second positions; 
and 

using a predetermined number of laminations w 
to expand the device in a linear direction or- 
thogonal to the plane of the yoke laminations 
(14, 15), and increasing trie corresponding lin- 
ear dimension of the magnet^) (30) and arma- 
ture (40) in order to increase in tho permanent is 
magnet flux flowing through the actuator (10) 
to achieve the desired specification of nduatcr 
(10). 

and further comprising : 20 

forming the armature (40) in two halves (40a. 
40b) by division of the armature (40) by a plane 
orthogonal to said first direction; 
introducing a slug of high permeability material *s 
between the two halves (40a. 40b) of the arma- 
ture (40) and installing the armaturo (40) and 
slug inlo the yoke (12); 
removing the slug and installing an actuator rod 
(42) adapted to draw together said two arma- *o 
lure halves (40a, 40b} in a dtreetion parallel to 
said first direction. 

4, A method of manufacturing a bistable permanent 
magnet actuator (10) according to claim 3, turther as 
comprising the steps of : 

installing the at least one permanent magnet 
(30) in an unmagnetised state; 
after Installation of the armature (40) and slug, <° 
and before removal of the slug, magnetising the 
al least one permanent magnet (30) in situ. 



Petentenepruohe 

Patentanspruchelurfoigende Vemagsataaten : BE, 
AT, FR IT, ML, 9E, CH, IE 

1. Bistabiles PermanentmagnetsteHglied (10) mit 

einem magnetischen Joch (12) mit einer 
Schichtstruktur; 

mindestens einem Permanentmagneten (30); 
und 

einem Anker (40), der In einnr ersten Richtung 
Inncrhatb des Jochs (12) axial hin- und herbc- 



10 

wegbar isl; 

wobet das SteHgl'ied (10) so Konfrguriert 1st, daB 
es schafft 

einen ersten FtuBweg mit niedriger Reluktanz 
und elnen ersten Fhiflweg mit hoher Reluktanz, 
wenn der Anker (40) in einer ersten Steilung 1st; 
einen zweiten Fluftweg mit niedriger Reluktanz 
und einen zweiten FluQweg mit hoher Reluk- 
tanz, wenn der Anker in olner zweiten Steilung 
»t; 

einer Einrichtung. urn den Anker (40) zwischen 
der ersten und zweiten Steilung anzutreiben; 

dadurch gekennzeichnet, daQ: 

jede Schicht (14, 1 5) des Jochs (12) eine Ebe- 
no definiert, In der eln Abschnitt des Perma- 
nentmagneten (30) undoes Ankers (40) Ucgon, 
und worin die Konfiguration des Stellglieds da- 
durch eine Erhohung des dureh das StellgUed 
(10) flieOenden Flusses des Permanentma- 
gneten durch die Hinzufugung weiterer Joch- 
schichten (14, 15) und eine ems prechende Zu- 
nahms in der llnearen Abmessungdea Magne- 
ten (30) und des Ankers (40) in einer zweiten. 
zu dei Ebene der Schichten senkrechten Rich- 
tung ermoglicht 

2. Bistabiles PormanentmagnetstellgliBU (10) nach 
Anspruoh 1, worin jede Schicht (14, 15) des Jochs 
(12) einen Tell sowchl des Wegs mit niedriger Re- 
luktanz als auch ries Wegs mil hoher Reluktanz lie- 
lert. 

3. Bistabiles PermanentmagnetsteHglied (10) nach 
. Anspruch 1, worin }ede Schicht (14, 15) des Jochs 

(12) den Magneten (30) und Anker (40) ganz um- 
gibt. 

4. Bistabiles Permanentmagnstetellglled (10) nach 
Anspruch 1 , worin der Anker (40) eine Schichtstruk- 
tur autweist, in der die Schichten des Ankers (40) 
zu den Schichten (14, 15) des Jochs (12) im we- 
eontlichen parallel sinri. 

5. Bistabiles Permanentmagnetstellglied (10) nach 
Anspruch 4, fomer mit einer Vlelzahl von in der 
zweiten Richtung in Langsrlchtung angeordneten 
Permanentmagneten (30). 

6. Bistabiles Permanentmagnetstellglied (10) nach 
Anspruch 4, worin die erste und zweite Richtung 
wachselseitig orthogonal ernd. 

cc 7. Bistabiles Pormanentmagnetstellglied (10) nach ei- 
nem der vorhergehenden Anspruche. worin die Ein- 
richtung, um den Anker (40) zwischen dor ersten 
und zweiten Steilung anzutreiben, autweist: 
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eine erste und eina zweite elektrische Spulo 
(60, 61), die jeweils angepa&t aind, um ale Ani- 
wort auf eh jeweiliges Betatigungssignal Ober- 
gangsmagnatfeldor zu erzeugen; 
worin dae durch die erste Spule (60) erzeugte 
Magnetteld den FluB Indem aratBn Weg mit ho- 
her Reluktanz ohne Reduzieren des Fluases 
durch den Permanentmagneten (30) erhoht 
und zur gleichen Ze'rt den RuB in dem ersten 
Weg mil niedriger Reluktanz reduziert, und 
worin das durch die zweite Spule (61 ) erzeugle. 
Magnetteld den FluB in dem zweiten Weg mtt 
hoher Reluktanz ohne Reduzieren des Flusses 
durch den Permanentmagneten (30) erhohl 
und zur gleichen Zeit den FluB In dom zweiten 
FluBweg mit niedriger Reluktanz reduziert 

8. Bietabiles Permanentmagnetstellglled (10) nach 
Anspruch 1 , worin der Anker (40) in zwei Halften 
(40a. 40b) ausgeblldet 1st, die durch Teilung des An- * 
kers (40) durch eine zu der ersten Richtung ortho- 
gonalen Ebane definiert sind. 

9. Blstabltes Permanentrnagnetstellgliad (10) nach 
Anspruch 8, in dem die betdan Hasten des Ankers 

. (40) durch eine durch das Joch (12) durchgehende 
Stellgliedetange (42) zusammengahalten warden. 

10. Verfahren zum Herslellen cines biatabilen Perma- 
nentmagnetatellgliede (10) mit den Schfttien: 

Aufbauen eines magnetischen Jochs (12) aus 
einer Vlelzahl von Schichten (14, 15), die je- 
weils kontiguriert sind, um einen Teil cinee Ma- 
gnetkreises mit m'mdeatens einem Permanent- 
magnelen (30) und einem innarhalb des Jochs 
(12) in einer ersten Richtung axial hin- und her- 
bewegbarcn Anker (40) zu bilden, 
Kontigurieren das Siellglieds, um einen ersten 
f luBwog mtt niedriger Reluktanz und einen er- 
sten FluBwoy mit hoher Reluktanz zu schatfen, 
wwm der Anker (40) in einorerden Stellungist. 
und einen zweiten FluBweg mit niedriger Re- 
luktanz und einen zweiten FluBweg mit hoher 
Reluktanz. wenn der Anker (40) in einer zwei- 
ten Sieliung 1st; 

Bereltsiellen einer Einrichtung (60, 61), um dsn 
Anker (40) zwischen der ersten und zweiten 
Stellung anzutrelben; und 
Verwenden einer vorbestirnmten Zahl von 
Schichten, um die Vorrichtung in einsr zu der 
Ebene der Jochschtehten (14, 15) orthogona- 
ten linearen Richtung zuerweltem, und Vergrc- 
Bern der entsprechenden linearen Abmessung 
das (der) Magneten (Magnate) (30) und Ankers 
(40), um den durch das Stellglied (10) liieGen- 
den PermanQntmagnetnuBzu emohen, um die 
gewunschten Merkmale des Siellglieds (1 0) zu 



errelchen. 

11. Verfahren zum Herstellen einoo bietabilen Perma- 
nentmagnetstellgliedo (10) nach Anspruch 10, ter- 
5 ner mit den Schritten: 

Ausbiiden des Ankers (40) in zwei HSlf ten (40a. 
40b) durch Teilung des Ankers durch eine zu 
der ersten Richtung orthogonalen Ebene; 
70 EinfGhren einea Rohlings aus einem Material 

mit hoher Permeabilitat zwischen den balden 
Halften des Ankers (40) und Einbauen des An- 
kers (40) und Rohlings in das Joch (12): 
Errtlernen des Rohlings und Einbauen einer 
is siellgliedstange (42). die angepaBt iot. um die 

betden AnkemaJften (40a, 40b) in einer zu der 
ersten Rchtung parallelen Richtung zusanv 
menzuzichen. 

20 12. .Verfahren zum Herstellen sines bistabilen Perma- 
nentmagnetstenglieds (10) nach Anspruch 11, fer- 
ner mit den Schritten: 

Einbauen des zumindest einen Permanentma- 
2$ gnoten (30) in einem nicht magnetisierten Zu- 

stand; 

Magnetisisren dss zumindest einen Perma- 
ntmtmagneten (30) an Ort und Stoile nach ei- 
nem Einbau des Ankers (40) und Rohlings und 
50 vor einer Entfornung des Rohlings. 

Patontansproche for lolgenden Vertragsetaat : DE 

« 1 . Bistabiles Permanentmagnetetellgiied (1 0) mit: 

einem magnetischen Joch (12) mil einer 
Schichtstruktur; mlndestens einem Perma- 
nantmagneten (30); und 
40 einem Anker (40). der in einBr ersten Richtung 

innerhalb des Jochs (12) axial hin- und herfc-e- 
wegbar ist; 

wobeidas Stellglied (10) so konfiguriert isl, daB 
co echatft 

4S einen ersten FluBweg mit niedriger Reluktanz 

und einen ersten FluBweg mit hoher Reluktanz, 
wenn der Anker (40) in einer ersten Stellung ist; 
. einen zweiten FluBweg mit niedriger Reluktanz 
und einen zweiten FluBweg mil hoher Reluk- 
50 tanz, wenn der Anke r (40) in einer zweiten Ste I- 

lung ist; 

einar Einrteroung, um den Anker zwischen der 
ersten und zweiten Stellung anzutreiben; 
worin jede Schicht (14, 15) des Jochs (12) eine 
55 Ebene deftniort. in der ein AbschnJU des Per- 

manontmagneten (30) und des AnkBrs (40) lie- 
gen, und worin die Konliyuralion des Stellglieda 
(10) dadurch eine Erhohung des duroh das 



7 



•1 



13 



EP0 721 650 B1 



14 



SteUglied (10) flieOenden Flusses des Perma- 
nentmagneten durch die Hinzuf ugung weiterer 
Jochschichten (14, 15) und einc cntsprechen- 
d© Zunahma In der finearcn Abmessung ries 
Magneton (30) und des Ankers (40) in einer 
zweiten : zu der Ebene dor Schichten (14, 15) 
senkrechten Richtung ermoglfcht; und 
worm dor Ankor (40) in zwel HaBten (40a, 40b) 
ausgebildet 1st, die durch Teilung dw Ankers 
(40) durch erne zu der ersten Richtung ortho- 
gonalen Ebene definiert sind. 

%, Blstabiles Permanemmagrtetstellglied (1.0) nach 
Anspruch 1. in dom die belden Hainan (40a, 40b) 
dee Ankers durch elne durch das Joch (12) durch- 
gehcnde Stellgliedstange (42) 2usammeng«halten 
werden. 

3 Verlahreh zum Herstellen eines biaiabilen Perma- 
nentmagnetstollgiieds (10) mil den Schritten: 



en des Ankers (40) und Rowings in das Joch 
(12); 

Entfemen des Rohllngs und Einbauen ejncr 
SteUgDedsiange (42), die angepaBt ist, urn die 
s betden Ankerhaiften (40a, 40b) In einer zu der 

ersten Richtung parallel sn Richtung zusam- 
menzuzlehen. 

4. Vertahren zum Herstellen eines bistabilen Perma- 
to * nentmagnetsiellglleds (10) nach Anspruch 3, temer 

mil den Schritten: 

Einbauen des mindestens einen Permanent- 
inagneten (30) in einem nteht magnetisierien 
1$ Zustand; 

Magnelisieren des mindestens einen Perma- 
nentmagneten (30) an Ort und Stella nach oi- 
nam Einbau des Ankers (40) und Rowings und 
vnr einer Entfemung dee Rohllngs. 



AUtbauen eines magnetischen Jochs (12) aus 
einer Vletzahl von Schichten (14, 15), die Je- 
wells konfiguriert sind, urn einen Teii eines Ma- 
gnetkreises mit mindestens elnem Permanent- * 
magneten (30) und etnem hrwrtialb des Jochs 
(12) in einer ersten Riohtuna. axial hin- und her- 
bewegbaren Anker (40) zu bilden, 
Konfigurieren des Steiiglieds (10), urn einen er- 
sten Fluftweg mit niedriger ReluWanz und el- 3 
nen ersten FluSwog mil hoher Reluktanz zu 
setoff en, wenn der Anker (40) in einer ersten 
Stellung ist, und einen zwerten Fluftweg mit 
niedriger Reluktanz und einen zwerten 
Fluliweg mtt hoher Reluktanz wenn der Anker * 
(40) In einer zweften Stellung ist; 
Berertstellen einer Einrichtung (60, 61). urn den 
Anker (40) zwischen der ersten und zweiten 
Stellung enzutreiben; und 
Verwendon einer vorbestimmten Zahl von 
Schichten. urn die Vorrichtung in oiner zu der 
Ebene der Jochschichten (14, 15) orthogona- 
len linearen Richtung zu crweitern, und Vergro- 
Sern der entsprechenden linearen Abmessung 
des (der) Magneten (Magneta) (30) und Ankers 
(40) urn den durch das Stellglied (1 0) flieSen- 
den PerrnanantmannetfiuB zu erhohen, um die 
gewunschien Merkmate des Slellgiieds (10) zu 
errelehen: 

und lemer mit einem: 

Auebilden des Ankers (40) in rwei Halflen (40a. 
40b) durch Teilung des Ankers (40) durch erne 
zu der ersten Richtung orthogonalen Ebene; 
Einfuhren eines Rohlinge aus einem Material 
mil Iroher Permeabilitai zwischen den beiden 
Kalften (40a. 40b) des Ankers (40) und Einbau- 
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Dispositit d'actionnemenl d'aimant permanont bis- 
table (10) comprenant v 

une carcasse magnetique (12) ayant une struc- 
ture feuiUetee; 

au moins un aimant permanent (30) ; et 
une armature (40) pouvant etre animee d'un 
mouvement attematif dans une premiere direc- 
tion a llnterieur de la carcasse (12) ; 

le dispositfl d'actionnement (10) etant confi- 
gure de manlere a tournir : 

un premier chemin de flux de faible reluctance 
et un premier chemin de flux de tone reluctance 
lorsque rarmature (40) est dans une premiere 
position ; 

un deuxieme chemin de flux da faible reluctan- 
ce et un deuxieme chemin de llux de forto re- 
luctance lorsque I'armature eat dans une 
deuxieme position ; 

des moyBns pour commander Varmature (40) 
entre la premiere ct la deuxieme position ; 

caracteriseenceque : 

cheque teullle (14. 15) de la oaroasse (12) de- 
finit un plan uans laquel se trouve une portion 
de I'ainiant permanont (30) et de Immature 1 
(40), et dans lequol la configuration du disposi- 
tif d'actionnement permet ainsi une augmenta- 
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ton danc raimant permanent du flux s'ecoulam 
a travers le dispositif tfactionnemcnt (10) pat 
raddhion dautree feuilles do carcass© (H, 15) 
et una augmentation correepondante da la di- 
mension lineairo de raimant (30) et de r arma- 
ture (40) dans una deuxieme direction perpen- 
diculalre au plan das leuilles. 

2 Dispose d'adionnement d'aimant permanent bis- 
table (10) selon la revendication 1 , dans lequel che- 
que feuilte (14. 15) dc la carcasse (13) fournft une 
partie a la iois dudit chemin da faible reluctance et 
dudit chemin de forte reluctance. 

3. Dispositif d'actionnement d'aimant permanent bis- 
table (10) selonia revendication 1 . dans lequel che- 
que lautlte (14. 15) da la carcasse (12) ennercle en- 
lierement raimant (30) el rarmature (40). 

4 Dispoaitif dfectionnement d'aimant permanent bie- 
tablo (10) eeion la revendication 1 . dans lequel rar- 
mature 40 comprend une structure laullietaa dans 
laquelle les leuilles de rarmature (40) sont sensi- 
blement parallels* aux teuilles (14, 15) de la car- 
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Dispoeitit d'adtonnement cfaimant permanent bis- 
table (10) selon Id revendication 4, oomportant en 
outre une plurality d'aimants permanents (30) posi- 
tionnes longitudinal emont dans ladtte deuxteme dl- 
rection. 

Dispositif d'acilonnemenl cfaimant permanent bis- 
table (10) selon la revendication 4, dans lequel la 
premiere et la deuxieme direction sont mutueUe- 
ment orthogonales. 

Dispoaitif tfactionnement tfaimwnt permanent bis- 
table (10) selon I'une quelconque des revendica- 
tions precedentes, dans lequel les moyens pour 
commander PaimMtufe (40) entre la premiere et la 
deuxieme position comprennent : 

une premiere et une deuxieme bobine alactfi- 
que (60, 61 ) prevues cnacune pour gendrer dee 
champs magnetiques transltoirea en reponse a 
un signal d'adtonnement respectit 
dans lequel le champ magnetique genere par 
la premiere bobine (GO) fait augmenter le flux 
dans le premier chemin de forte reluctance 
sans diminuer le flux a travers I'aimant perma- 
nent (30). et en meme temps fait diminuer le 
flux dans le premier chemin de talble 
r6tuctance ; et 
■ dans lequel le champ magnetique genere par 
la deuxieme bobine (61) fait augmenter le flux 
dans le deuxieme chemin de forte reluctance 
sans diminuer le flux a travers I'aimant perma- 
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nenl (30), et en memo tomps fart diminuer le 
flux dans le deuxieme chemin de flux de faible 
reluctance. 

& 8 DisposfW d'actmnnement d'aimant permanent bis- 
table (10) selon la revendication 1, dans lequel rar- 
mature (40) est tormee en deux mottles (40a. 40b) 
definies par division de rarmature (40) par un plan 
orthogonal a ladite premiere direction. 

9 Dispositif d'adtonnement d'aimant permanent bis- 
table (10) selon la revendication B. dans lequel les 
deux moities de 1'armature (40) sont malntenuas 
ensemble par une tlge du dispositlf d'aclionnement 

1$ (42) traversant la carcasse (12). 

10 Precede de fabrication d'un dispositif d'actionne- 
" mentd'aimant permanent bistable (10) comprenant 

les stapes consistant a : 

construire uno carcasse magnetique (1 2) apar- 
tir tfune pluralite de teuilies (14, 15) configu- 
re as chacune de maniere a former une partie 
d'un circuit magnetique avec au motns un 
almant permanent (30) et une armature (40) 
pouvant aire animeo d'un mouvement alte.natif 
dans une premiere direction a I'interieur de la 
carcasse (12); 

configurer le dispositif d'adionnement do ma- 
nlere a foumir un premier chemin dc tiux de tal- 
ble reluctance et un premier ohemin de flux de 
forte reluctance lorsque rarmature (40) est 
dans une premiere position el un deuxteme 
chemin de flux de laible reluctance et un 
deuxieme chemin de flux de forte reluctance 
lorsque 1'armature (40) est dans une deuxieme 
position ; 

tournir dee moyens (60, 51) pour commander 
1'armature (40) entre la premiere et la deuxieme 

. position ; et .in 
utlliser un nombre predetermine de fauillea 
pour prolonger la- dispositif dans une direction 
Malta orlhononale au plan dec feuilles (14, 
15) de la carcasse et augmenter la dimension 
llneaire correepondante de I'aimant (des 
aimants) (30) et de rarmature (40) pour aug- 
menter dans ralmant permanent le flux s ecou- 
Sant a travers le dispositif cfactionnoment (10) 
pour obtenir la specification desiree du dispo- 
sitnd'actionnement (10). 

11 Precede de fabrication d'un dispositif cfactionne- 
' ment d'aimant permanent bistable (.10) selon la re- 
vendication 10, comprenant en outre les otapes 
consistant a : 
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former 1'armature (40) en deux moiiies (40a. 
40b) par division de rarmature par un plan or- 
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thogonal & ladite premfere direction ; 
Introduirc un noyau d'un rnateriau de forte per- 
m6abflils entre les deux mottiee de Parmature 
(40) at Installer Parmature (40) at te noyau dans 
ta carcasse (12): 

enlever le noyau et installer une tige du dlspc- 
sftlf d'actionnement (42) prevue pour tirer en- 
semble tesdites deux mottles tfarmature (40a, 
40b) dans une direction parallels a ladite pre- 
miere direction. 10 

12 Procede de fabrication d'un disposiUf d'actionne- 
' ment tfaimant permanent bistable (10) selon fa re- 
vindication 11. comprenant en outre les etapss ^ 
consistant a : 

rnettre ledii hu moins un aimant permanent (30) 
dans un etat non mognetisd ; 
aprea installation de I'armature (40) et du noyau 
et avant retrait du noyau, magnetiser sur place 
[edit au moins un aimant permanent (30). 

Revindications pour I'Etat ocntr acUnt sulvant s DE ^ 

1 . Dispositif tfadionnement tfaimant permanent bis- 
table (10) comprenant : 

unecarcassemagnetique (l2)oyantune struc- 
ture feuiHelBB ; 
au mnins un aimant permanent (30) ; et 
une armature (40) pouvant elm animee d'un 
mouvement aiternatlt dans une premiere direc- 
tion a ftnterieur de la carcasse (12) ; 

35 

le dispositif d'actionnement (10) etant confi- 
gure de maniere a foumir : 

un premier chemin de flux de laible reluctance 
et un premier chemin da flux da forte reluctance « 
lorsque Tarmature (40) eat dans une premiere 
position ; 

un deuxiet ne chemin da flux de fafble reluctan- 
ce et un deuxieme chemin de flux de forte re- 
luctance lorsque I'armature (40) est dans une 
deuxieme position ; 

des moyens pour commander I'armature entre 
la premiere et la deuxieme position ; 
dans lequel chaque fouille (U, 15) da la car- 
casse (1 2) defintt un plan dans lequel se trouve 
une portion da Paimant permanent (30) et dc 
I'armature (40), et dans lequel ta configuration 
du dispositif d'actionnement (10) permet ainsi 
uno augmentation dans Paimant permanent du 
Tlux s'ecoulant a travers le dispositif cTactioru la- 
ment (1 0) par PaddiUon d'autres leuillas de car- 
casse (14, 1 5) et uno augmentation correspon- 
dante.de ia dimonsion iineaire de I'aimant (30) 
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et de Parrnalure (40) dans une deuxieme direc- 
tion perpcndtculalre au plan des feuiltea (14, 
15);et 

dans lequel Immature (40) est tormee en deux 
moltlee (40a. 40b) deflnias par division da Par- 
mature (40) par un plan orthogonal a ladite pre- 
miere direction. 

Dispoaita d'actionnement d'aimant permanent bis- 
table (1 0) selon la revindication 1 , dans lequel les 
deux rnolUes (40a, 40b) de farmature (40) sont 
maintenues ensemble par une tige du dispositif 
d'actionnement (42) travereant la carcasse (12). 

Procede de fabrication rfun dispositif d'actionne- 
ment tfaimant permanent bistable (1 0) comprenant 
tec etapes consistent a : 

construire une carcasse magneuque ( 1 2) a par- 
tir d'une pluralite de feullles (14, 15) configu- 
. rees chacune de manifere a former un© partte 
d'un circuit magnetique avec au moins un 
aimant permanent (30) et una armature (40) 
pouvant etre animee d'un mouvement allernatif 
dans une premiere direction a Plnterieur de la 
carcasse (12); 

configurer lo dispositif d'actionnement (10) do 
maniere a fournir un premier chemin de flux de 
foible reluctance et un premier chemin de flux 
de forte reluctance lorsque rarmature (40) est 
dans une premiere position et un deuxieme 
chemin do flux de faible reluctance et un 
deuxieme chemin de flux de forte reluctance 
lorsque I'armature (40) est dans une deuxieme 
position ; 

foumir des moyens (50, 61) pour commander 
I'armature (40) entre la premiere et la deuxfeme 
position ; et 

utiiiser un nombre predetermine de feuilles 
pour prolonger ie dispositif dans une direction 
Iineaire orthogonale au plan des feuilles (14. 
15) de la carcHsse et augmentor la dimension 
Iineaire correspondent© de raimant (des 
aimants) (30) et dc rarmature (40) pour aug- 
menter dans Paimant permanent le flux s'ecou- 
lant a travers le dispositif d'actionnement (10) 
pour obtenir la specification desirec du dispo- 
sitit d'actionnement (10) ; 

et comprenant en outre : 

la formation de I'armature (40) en deux moities 
(40a, 40b) par division de I'armaturo (40) par 
un plan orthogonal a ladite premiere direction ; 
Pintroduclion d'un noyau d'un rnateriau de (urte 
pgrmeabitite entre les deux moities (40a, 40b) 
de I'armature (40) et Installation de I'armature 
(40) et du noyau dans ta carcasse (12) ; 
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la retrah du noyau et Hnstallrttion d*une t«o du 
dispoaitrf tfactlonnement (42) prevuo pour Urei 
gamble Indites deux mollis tfmjto. 
(40a, 40b) dans une direction paraliele ft ladite 
premiere direction. 

Precede de fabrication tfun dlsposittt cfactionne- 
ment d'aimant permanent bistable (10) selon la re- 
vindication 3, comprenant en outre tes etapas eon- 
sistanta: 

metlre tedft au moins un atmant permanent (30) 

dans un etat non magnet ise ; 
apresinstallaUondel'aTmature(40)8tdunoyau 

eTavmnt retraltdu noyau, magnetiser sur place 
ledrt au moins un aimant permanent (30). 
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FIGURE 3 
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